The composition of the major acidic extracellular polysaccharide (EPS) of 25 strains of Rhizobium japonicum was determined. Eight strains synthesized an acidic EPS containing rhamnose and 4-0-methylglucuronic acid and were closely related according to DNA homology. These same strains also expressed high levels of ex planta nitrogenase activity. Sixteen strains produced an acidic EPS containing glucose, mannose, galacturonic acid, and galactose and were also related by DNA homology. These strains developed little or no nitrogenase activity under the experimental conditions employed.
Previous results from this laboratory demonstrated a negative correlation between the amount of extracellular polysaccharide (EPS) produced and ex planta nitrogenase activity with many strains of Rhizobium japonicum (1) . In addition, it was suggested that the differences in EPS production may not only be quantitative, but qualitative as well. Two different types of a major acidic EPS from R. japonicum have been characterized. One type has a tetrasaccharide repeating unit with a backbone of three rhamnosyl residues and a side chain containing one residue of 4-0-methylglucuronic acid (12) . The second type has a pentasaccharide repeating unit with a backbone of two residues of glucose and one each of mannose and galacturonic acid and a side chain containing one residue of galactose or 4-0-methylgalactose (26) . Compositional studies of the EPS from numerous strains of R. japonicum suggest that, with the exception of some strains isolated in the Far East (15, 16) , most strains produce an EPS having a composition that is consistent with one of these two structures (11, 12, 25, 26) .
Numerous workers have presented evidence suggesting that a reconsideration of Rhizobium classification is needed (see, e.g., references 14, 17, and 18) . Recently, Hollis et al. (20) suggested that strains classified as R. japonicum could be separated into at least three DNA homology groups based on DNA-DNA hybridization studies. Two Stock cultures were maintained on solid medium as previously described (1) . The cells were routinely grown on defined liquid medium containing 7.4 mM K2HPO4 (pH 6.5), 0.8 mM MgSO4, 50 FLM CaCl2, 0.1 mM FeSo4, 0.5% sodium gluconate, 0.1% glutamate, and trace metals (1) .
Composition of EPS. EPS was prepared by centrifuging 50 ml of log-phase cultures at 27,000 x g for 30 min. The clear supernatants were lyophylized and redissolved in 6 ml of water. Four milliliters of this concentrate was loaded onto a column (2.5 by 40 cm) containing Fractogel TSK HW-55F (Pierce Chemical Co., Rockford, Ill.). The column was equilibrated and developed (0.5 ml min-1) at room temperature with deionized water. Fractions (3.5 ml) were tested for glucose equivalents using the anthrone reagent (19) .
EPS fractions from the column were analyzed by gasliquid chromatography by the method of Chaplin (8) with the following modifications. Samples containing EPS (50-p.g glucose equivalents) or standard carbohydrates (in expected proportions) together with myo-inositol (=100 nmol) were dried with a stream of air and then stored overnight over P205 in a vacuum oven (60°C) in 3-ml vials. Dry methanolic hydrogen chloride (0.4 ml; 0.625 M HCl) and methyl acetate (0.1 ml) were added, and the vials were sealed with screw caps containing Teflon-lined septa. The contents of the vials were vortexed (1 min) and heated at 70°C for 16 h. t-Butyl alcohol (0.1 ml) was then added to each vial before evaporation with a stream of air. Dry methanol (0.5 ml), pyridine (50 p.l), and acetic anhydride (50 p.l) were added successively to re-N-acetylate any amino sugars. After 15 min at room temperature, the contents were dried using a stream of air followed by storage in a vacuum oven over P205 overnight. Silylation reagent (Tri-Sil'Z'; Pierce Chemical Co.) was added (100 ,ul), and the vials were vortexed and left for 1 h at room temperature. Two to three microliters of the trimethylsilylated derivatives were injected into a 30-m SE-30 fused silica capillary column mounted in a Hewlett-Packard 5830A gas chromatograph. A temperature program of 4 min at 140°C followed by a 1°C per min increase to 200°C was used for the separation and quantitation of sugars.
Assay for nitrogenase activity. The medium and methodology for nitrogenase assays have previously been described in detail (1) . In the present study, only the LOM medium (containing 0.3% sodium gluconate as the carbon source and 0.1% sodium glutamate as the nitrogen source) was used. The initial 02 concentration in the gas phase (Ar-C2H2-CO2 [89:10:1]) was 0.2%. This was maintained as previously described (1) . Oxygen and ethylene were determined by gas chromatography (21 The ability of each of the strains shown in Table 1 to develop ex planta nitrogenase activity was also determined. Using our assay conditions (1), only the strains in DNA homology group II reduced significant amounts of acetylene (Table 1) . From these data it would appear that the ability to express ex planta nitrogenase activity using our assay conditions is positively correlated with the production of the rhamnose-containing EPS. Furthermore, these phenotypes are characteristic of R. japonicum strains closely related according to DNA-DNA hybridization studies.
We noticed a possible correlation among strains which we had studied for EPS composition and for the ability to express ex planta nitrogenase activity (1) . Using many of the same strains studied by Hollis et al. (20) , we now report a good correlation among DNA homology grouping, EPS composition, and ex planta nitrogenase expression when using specified conditions (Table 1) . Thus, we have determined two phenotypes corresponding to genotypic differences among strains labeled as R. japonicum.
The mechanism by which soybean roots and rhizobia recognize each other is unknown and is currently the subject of considerable research. One hypothesis is that specific saccharide receptors on the surface of the bacterium react with the lectin present in the plant root, leading to adherence of the bacteria and subsequent infection (3, 7, 9 ). An alternative hypothesis is that lectins are involved in a recognition event not directly related to adherence (3). The binding of R. japonicum to soybean lectin (SBL) is inhibited by N-acetylgalactosamine and D-galactose (6) . By these hypotheses, it is assumed that R. japonicum strains belonging to DNA homology groups I and Ia are recognized by SBL due to the galactosyl residue in the major acidic EPS produced by these strains. The composition of the major acidic EPS and the infectivity of some R. japonicum strains of DNA homology group Ia change with culture age (galactose becomes 4-O-methylated and infectivity decreases), and these changes are correlated with the binding of SBL to the rhizobial cells (5, 25) . Recognition of R. japonicum strains producing the EPS containing rhamnose and 4-O-methylglucuronic acid by soybeans has not been easily explained, since the major EPS does not contain galactose or a galactose derivative. Some strains of R. japonicum in DNA homology group II (61A76, USDA 46, and 83) develop SBLbinding ability only during stationary phase or when grown in the presence of soybean roots or root exudate (2, 4). These strains bind SBL very poorly or not at all when grown under normal culture conditions (6, 7), but a small percentage (<5%) of cells become positive when grown in the presence of soybean roots. This is compared with >50% SBL binding by strains belonging to DNA homology group I (2, 4). These results suggest that a receptor (perhaps identical to the EPS of DNA homology groups I and Ia or another polysaccharide containing galactose) which recognizes SBL may be synthesized only under specific conditions or in response to a specific signal. Thus, there may exist different biochemical control mechanisms for soybean recognition by R. japonicum strains belonging to DNA homology groups I or Ta and strains belonging to DNA homology group II. We are exploring this possibility.
Alternatively, Dombrink-Kurtzman et al. (10) 
